Three-dimensional (3D) Dirac points inheriting relativistic effects from high-energy physics appear as gapless excitations in the topological band theory. Their presence usually requires extra constraints, such as spatial symmetries 8, 9, 26, 28, [34] [35] [36] , where the Dirac state space is constructed by spatial Bloch modes. In photonics, when the wavelength of electromagnetic waves approaches to long wavelength limit, effective medium theory can be employed to describe the optical properties of the structured media [37] [38] [39] . It has been shown that the intrinsic polarization states can be used to construct the Dirac state space in judiciously designed photonic metamaterials for realizing three-dimensional Dirac degeneracies 40 .
A 3D Dirac point is composed of two overlapping Weyl points with opposite topological charges. In metamaterials, Weyl points can be realized by the crossing between a longitudinal mode and a circularly polarized transverse mode, where the Weyl point charge is given by the spin of the circular transverse mode 22, 23, 41 . Here, we construct stable 3D photonic Dirac points by further imposing electromagnetic duality symmetry 40 . It is an internal symmetry of electromangtic field 31 . In artificial metamaterials, duality symmetry requires the proportionality between permittivity and permeability tensors, such as = ( > 0). Now the Dirac point state space is doubled by the electromagnetic duality symmetry. Compared with a single Weyl point, it is spanned by two longitudinal modes and two circular polarized transverse modes 40 .
At the interface between air and the Dirac metamaterials, we observed the spin dependent topological surface states in photonics.
In order to simultaneously realize the electric and magnetic longitudinal modes, we utilize metallic helical elements to introduce both electric and magnetic resonances in the z direction, as shown in Fig. 1a . Meanwhile, in order to eliminate the unwanted overall chirality of the metamaterial, each unit cell consists of two layers of helical elements with opposite chirality: the four identical helical elements 42 As shown by the simulated band structure (calculated using CST microwave studio)
in Below the Dirac frequency, the equi-frequency contours (EFC) of the bulk states (black solid lines in Fig. 3d ) form two almost-overlapping hyperboloids (more experimental results are shown in Fig. S5 ). As shown in Fig. 3a and d, the surface states still exist at the gap between the metamateiral bulk state and light cone.
However, there is a small gap between the surface state as numerically shown in Fig.   3d , where the impedance mismatch between metamaterial and air mixes LCP and RCP Fermi arcs. Above the Dirac points ( Fig. 3c and f) , the EFCs of the surface states show strong resemblance to the famous Dyakonov surface waves in anisotropic crystals 43 .
As a gapless topological phase, a Dirac semimetal can be viewed as a parent structure which can generate various interesting topological materials, e.g. topological insulators, Weyl semimetals and nodal lines, through symmetry reduction. For example, by introducing a bi-anisotropic term 6, 9 into the y-z plane, the Dirac point is gapped and the material transforms to a photonic topological insulator as shown in Dirac points, which can further split into two Weyl points by breaking either inversion or time-reversal symmetry ( Fig. 4g and h ). Neutral TDPs can also be formed by two longitudinal modes and one linear polarized transverse mode (transverse electric/magnetic, TE/TM), as shown in Fig. 4f . Hypothetical constitutive parameters that give rise to those topological phases are presented explicitly in Table S1 .
In Corresponding hypothetical constitutive relation examples for panel a-i are given in Table. S1. 
